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SYSTEMS AND METHODS UTILIZING LASER DISCHARGE 
ELECTRODES WITH CERAMIC SPOILERS 

Inventors: Dr. Igor Bragin, Mr. Vadim Berger, Mr. Oleg Melnikov, 
Mr. Konstantin Aab, Mr. Jeurgen Baumler 

CLAIM OF PRIORITY 
This patent application claims the benefit of priority to U.S. Provisional Patent 
Application No. 60/435,879, entitled "ELECTRODE WITH CERAMIC SPOILER," to Igor 
Bragin et al., filed December 20, 2002. 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The following U.S. Patents and Patent Applications are hereby incorporated herein by 
reference: 

U.S. Patent Provisional Application No. 60/193,048, entitled "BLOWER FOR GAS 
LASER," to Juergen Baumler, filed March 29, 2000, and related U.S. Patent Application 
No. 09/823,298 filed March 29, 2001 ; 

U.S. Patent No. 6,577,663, entitled "NARROW BANDWIDTH OSCILLATOR- 
AMPLIFIER SYSTEM," to Klaus Vogler, filed August 6, 200 1 ; and 

U.S. Patent No. 6,556,609, entitled "DISCHARGE UNIT FOR A HIGH 
REPETITION RATE EXCIMER OR MOLECULAR FLUORINE LASER," to Igor Bragin 
etal., filed April 3, 2001. 

BACKGROUND 

Line-narrowed and line-selected excimer and molecular fluorine lasers can be used 
advantageously in industrial applications such as optical microlithography for forming small 
electronic structures on silicon substrates. Photoablation and micromachining applications 
require these lasers to be run at medium to high power, while maintaining a necessarily high 
repetition rate. Problems exist for such high repetition rate laser systems, however, as there 
is an unacceptable risk of arcing in the discharge chamber. Several approaches have been 
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taken to improve the arrangement and composition of components in such a system, but none 
have proven to provide acceptable performance with an ease of use and at a reasonable cost. 

FIELD OF THE INVENTION 
The present invention relates to the prevention of arcing between components in a gas 
discharge laser, particularly an excimer or molecular fluorine laser. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a perspective view of a laser discharge chamber that can be used in 
accordance with various embodiments of the present invention. 

Figures 2(a)-(c) are diagrams showing gas flow about an electrode that can be used 

with the chamber of Figure 1 . 

Figure 3 is a cross-sectional view of an electrode having ceramic spoilers that can be 

used with the chamber of Figure 1 . 

Figure 4 is a diagram of a snap-on mounting that can be used with the electrode of 

Figure 2. 

Figure 5 is a diagram of a system that can be used to clean the electrode body of 
Figure 2. 

Figure 6 is a table showing properties of a dry lubricant that can be used in 
accordance with one embodiment of the present invention. 

Figure 7 is a schematic diagram of opposing electrodes having ceramic spoilers in 
accordance with another embodiment of the present invention. 

DETAILED DESCRIPTION 
Figure 1 shows a perspective, cut-away view of a excimer or molecular fluorine laser 
discharge chamber 100 that can be used in accordance with various embodiments of the 
present invention. An excimer or molecular fluorine laser system can be a deep ultraviolet 
(DUV) or vacuum ultraviolet (VUV) laser system, such as a KrF, ArF, molecular fluorine 
(F2) laser system, for use with a DUV or VUV lithography system. Alternative 
configurations for laser systems for use in such other industrial appUcations as TFT 
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annealing, photo-ablation, and micromachining, include configurations understood by those 
skilled in the art as being similar to, and/or modified firom, the system shown m Figure 1 to 
meet the requirements of that application. The laser can utilize two or more gases, such as a 
halogen and one or two rare gases. KrF (248 nm) excimer lasers typically have gas mixtures 
5 of krypton, fluorine, and a buffer gas of neon. ArF (193 mn) excimer lasers typically have 
gas mixtures of argon, fluorine, and a buffer gas of neon, helium, and/or xenon. The 
molecular fluorine (F.) laser has a gas mixture of fluorine and one or more buffer gases, and 
emits at least two lines around 1 57 nm, one of which can be selected, and narrowed; such that 
a very narrow linewidth VUV beam can be reaUzed. 
10 The exemplary discharge chamber 100 of Figure 1 comprises a laser chamber 102, or 

laser tube, having disposed therein a heat exchanger 104 and fan 106 for circulating a 
temperature-controlled gas mixture within the chamber 100. The laser tube includes a pair of 
main discharge electrodes 108, where the upper electrode is an anode and the lower electrode 
is a cathode, the electrodes being capable of energizing a gas mixture in the discharge 
15 chamber. The electrodes 108 can be comiected to an external solid-state pulser module 
capable of providing a discharge pulse to the electrodes. A pulser module, or pulse power 
system, can provide electrical pulses of 4 kHz or more. An external gas handling module can 
have a valve comiection to the laser tube such that a gas mixture can be injected or filled into 
the chamber. The gas mixture can include any appropriate gas, such as a mixture including 
20 halogen,anyactiveraregases,atleastonebuffergas,andpossiblyagasadditive. Thetotal 

gas mixture pressure can be lower than in conventional systems, such as less than 3 bar, m 
order to produce the selected line at a narrow bandwidth, such as on the order of 0.5 pm or 
less, without using additional line-narrowing optics 

The laser chamber 102 can include one or more pre-ionization units (not shown), 
25 whichcanutilizeanumberofpre-ionizationpinsllOpositionedoneithersideofthemain 

discharge electrodes 108. Preionization units used with various embodiments can include 
sliding surface or corona-type preionization units. A solid-state or thyratron pulser module m 
combination with a high voltage power supply can transmit electrical energy in compressed 
electrical pulses to the preionization pins 110 and main electrodes 108 within the laser 
30 tube 102 in order to energize the gas mixture. 
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The discharge chamber 100 can have front and rear optics modules (not shown) 
positioned at ends of the chamber, in order to form a resonator of the chamber. The laser 
chamber 102 also can be sealed by windows that are transparent to the wavelengths of the 
emitted laser radiation. While one of the windows can output couple the beam, the other 
5 window can act as a highly reflective resonator reflector on the opposite side of the 
chamber 102 as the beam is outcoupled. 

Particularly for the molecular fluorine laser system, and also for the ArF and KrF 
laser systems, an enclosure (such as is shown in Figure 5) can be used to seal the beam path 

of the laser system, in order to keep the beam path free of photoabsorbing or other 
10 contaminant species that can attenuate and/or otherwise disturb the beam. Smaller 

enclosures can seal the beam path between the chamber and the optics modules (not shown). 
Tl.e optics modules canbe maintained in an atmosphere that is sufficiently evacuated, or can 

have an inert gas-purged atmosphere. 

Total pressure adjustments in the form of releases of gases or reduction of the total 
15 pressurewithinthelasertubelOlalsocanbeperformed. Total pressure adjustments can be 
followed by gas composition-adjustments if, for example, it is necessary to adjust the desired 
partial pressure of halogen gas in the laser tube after a total pressure adjustment. Total 
pressure adjustments also can be performed after gas replenishment actions, and can be 
performed in combination with smaller adjustments of the driving voltage to the discharge 
20 than could be made if no pressure adjustments were performed in combination. 

Systems and methods in accordance with embodiments of the present invention can 

overcome deficiencies in existing gas discharge systems by taking one of a number of 
novelapproaches to the problem of arcing. For example, Figure2showsacross-sectional 

view of an electrode structure 200 that can be used in accordance with one embodmient of 
25 the present invention. The body 208 ofthe electrode structure can be fashioned of any 
appropriate electrode material known or used in the art, such as for example brass, or any 
other metal or appropriate conductive material. A brass electrode as such can be used with 
lasers in the 1 - 4 kHz range, as well as with high repetition rate lasers of 6 kHz and higher. 
The electrode body 208 is shown to have a protruding "nose" portion 202. A protruding nose 
30 portion c^ be used to maintain the appropriate gap distance between the cathode and anode 
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electrodes, in order to properly energize the gas mixture. Electrode nose portions are 
described, for example, in U.S. Patent No. 6,556,609 entitled "DISCHARGE UNIT FOR A 
HIGH REPETITION RATE EXCIMER OR MOLECULAR FLUORINE LASER," 
incorporated herein by reference above. The use of a nose portion, however, effectively 
5 separates the bulk of the electrode bodies 208 from each other, as well as from the pre- 
ionization pins (shown in Figure 1). This separation can help to prevent arcing between, for 
example, shoulder portions 210 of the electrodes and the pre-ionization pins. This nose 
portion can run the entire length of the electrode body, or a portion of the electrode length, 
and can be on the order of 1^ mm in width in one embodiment, and 2-4 mm in height, such 
10 as may be use&l with 1-6 kHz lasers. For lasers with repetition rates of 6 kHz or higher, the 
width of the nose can be on the order of 1 mm or lower, with a height on the order of about 2 
mm. For lasers of 6 kHz and higher, the gap between the anode and the cathode electrodes 
can be reduced from about 16 mm to about 12 mm, in order to reach a stable discharge with 
well defined laser parameters. Arcing between the shoulder portions 210 of the electrodes, as 
15 well as from the preionization pins to the electrode shoulders, can occur during high 
repetition rate operation. 

In an attempt to fiirther avoid arcing effects, the nose portion 202 of an electrode 200 
can be increased in height, such as is shown schematically in Figure 2(b). A longer nose 
portion can fimction to increase the distance between the electrodes and peripheral shoulder 
20 areas, as well as the distance between the electrodes and the preionization unit (shown in 
Figure 1). A longer nose portion 202, however, can have a strong influence on the 
flows 204, 206 of gas between the electrodes. An optimized gas flow with higher gas speeds, 
such as on the order of about 30-50 m/s, can be necessary for a high repetition rate laser over 
4 kHz. WhUe a first portion of the gas flow 204 may not be greatly affected by the nose 
25 portion, a relatively long nose portion can fimction as a gas barrier to other portions 206 of 
the gas flow. The presence of a gas barrier not only reduces the amount of flow between the 
electrodes, but also can fimction to create turbulences in the gas flow. As can be seen 
schematically in Figures 2(a) and (b), the amount of turbulence created in the gas flow can 
be directly related to the height of the nose portion 202. The gas flow between electrodes can 
30 be improved by placing a number of holes 212 or openings in the nose portion, such as is 
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shown in Figure 2(c), through which the laser gas can flow. These holes do not provide for 
sufficient flow in most applications, however, and still allow for some degree of turbulence. 

An improved approach that can be used to avoid arcing, while improving the gas flow 
between the electrodes, is shown the exemplary electrode structure 300 of Figure 3. In a 
laser discharge chamber such as that shown in Figure 1, the cathode and anode electrodes 
each can utilize at least one ceramic spoiler 304. A ceramic spoiler can be placed at each 
shoulder region 312 of the electrodes, to act as an insulating barrier over the body 302 of the 
electrode. This insulating barrier can prevent arcing from the body or shoulder regions of the 
electrode, while leaving the nose portion exposed in order to energize a laser gas mixture in 
the discharge chamber. Each spoiler can be made of a ceramic material, such as alumina, 
that is capable of resisting the aggressive gases contained in a laser gas mixture. The spoiler 
can cover any appropriate amount of the shoulder region 312, such as on the order of about 
20% to about 99%. If less than about 99% of the shoulder region is covered by a spoiler, the 
portion containing the spoiler can be positioned relative to the shoulder at a position that will 
most reduce the probability of arcing. For example, if arcing occurs primarily between the 
upper and lower electrodes, then the spoiler might be positioned near the nose of each 
electrode. If, however, the arcing occurs primarily between opposing electrodes and a pre- 
ionization unit, for example, the spoilers might advantageously be placed away from the nose 
ofthe electrode and closer to the location ofthepre-ionization pins. The ceramic spoilers 
can be placed in either of the cathode or anode electrodes, but can advantageously be used in 
both the cathode and anode electrodes. Due to the flow of gas between the electrodes, the 
"older" or "discharged" gas will primarily be located on one side of the electrodes in the 
discharge chamber. Arcing can occur primarily on the side including the older gas, such that 
a spoiler might be used only on that side of an electrode. 

A ceramic spoiler can have a shape such as that seen in the exemplary cross-section 
of Figure 3, but typically will follow the general shape that the elecfrode would have without 
the spoiler(s). The outer surface of each ceramic spoiler also can have a shape that is 
optimized to improve the flow of gas between the electrodes. The shape can be smooth in 
order to minimize turbulence effects, and can be shaped to tangentially follow the flow of gas 
through the chamber. The smooth, tangential shape allows the gas to flow smoothly over the 
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surface of the spoiler. Any surface rouglmess, edges, or promment features on the surface of 
the electrodes could lead to turbulence in the gas flow, similar to that seen with respect to the 
nose portion in Figure 2. Tl.e use of spoilers also can allow the height of the nose portion to 
beminimized,whichcanfurtherminimizeturbulenceinthegasflow. The nose portion 306 
can be just long enough to achieve proper discharge capability, while limiting the effect on 
gas flow between the electrodes. Line 308 in the Figure demonstrates a symmetry axis for 
the electrode, as an exemplary design can use a symmetric approach to the electrode body 
and ceramic spoilers. This not only can have the advantage of ensuring proper discharge, but 
can ease and lower the cost of the manufacturing process as only one shape needs to be used 
fortheceramicspoilers,whichcanbeusedwitheithershoulderofagivenelectrode. In 

certain embodiments, ^oilers may need to have a different shape for the cathode and the 

anode, but can have consistent shape within an electrode. 

hi forming the electrode structure 300, a channel 310 can be formed in the electrode 

body,such as byamillmgprocess, on eachsideofthe symmetry axis300. Each channel can 
allow for in^rtion of at least a portion of a cereunic spoiler. As shown in Figure 3, a tongue 
portion 314 of a spoiler 304 can slide into a chamiel or groove portion 310 of the electrode 
body 302 Tongue and groove comiections are well known, and any number of variations 
can be envisioned as are known in the relevant arts. In order to fix the position of the 
ceramic spoilers inthe respective channels, such that a spoiler cannot move laterally withm 
the channel, a fixture or mounting bracket can be placed in the channel that exerts hol^^^^ 

pressure on the tongue portion of the spoiler. Other fixtures for holding a tongue m place 
insideagroove are well known, and variations can be envisioned that wouldnothavea 

detrimental effect on laser operation. One type of mounting device that can be uthzed 
successfidly is a fixing snap-on mounting -structure 316. 

A diagram of an exemplary snap-on mounting structure 400 is shown in Figure 4. 
Snap-on mountings such as those described herein are available firom Feuerherdt GmbH, 
with offices in Berlin, Germany. These snap-on mounting structures, which can include a 
mounting portion 402 and a clip 404, can function like springs, and are strong enough to hold 
the ceramic spoiler tongues inside the che^nels of the electrodes as shown in Figure 4(b). As 
) seen in Figure 4(b), and discussed with respect to Figure 3 for clarity, the mounting 
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portion 402 can be placed in the channel against the electrode body 302. Each clip 402, of 
which several can be used with each mounting portion, can be snapped into place in one of 
the. connection openings 406 of the mounting. An extending portion of the clip will press 
against the tongue portion 314 of the spoiler," holding the tongue 314 firmly in place relative 
5 to the channel. 

One advantage to using snap-on mounting assemblies as shown in Figure 4 is that no 
screws are necessary to mount the ceramic spoilers with the electrode body. Such a 
mounting technique can prevent arcing that could otherwise occur from the screws to the 
electrodes or preionization unit. The snap-on mountings can be made of a Copper-Beryllium 

10 alloy, for example, which can be covered by a nickel layer, such that arcing will not occur 
from the mountings. Also, no holes have to be drilled into the ceramic spoilers that could 
potentially influence the flow of gas between the electrodes. 

Another advantage is that the snap-on assemblies are not rigidly attached to the 
spoiler or electrode body. The clips of the mounting assemblies also have a slight lateral 

15 flexibility. These aspects of the mounting assembly can be important, as the ceramic spoilers 
and electrode bodies will typically increase in temperature during laser operation. As an 
electrode body will typically have a different coefficient of expansion than a ceramic spoiler, 
undesired stress can occur if a spoiler is rigidly connected to an electrode body. In a worst 
case scenario, a ceramic spoiler can burst under the stress influence. The use of snap-on 

20 mountings can prevent such stress, as the mountings are elastic and allow for some lateral 
expansion and/or contraction of the spoilers and/or electrode bodies. 
Cleaning of Manufactured Electrodes 

Before the electrodes are mounted into the discharge chamber, several cleaning 
- procedures can be used to remove lubricants and other substarices on the surfaces and in any 

25 screw threads of the electrodes as a resuh of the manufacturing process. These impurities 
can be removed from the surface to prevent a negative effect on laser operation. Several 
steps can be required in such a cleaning process. In one such process, the manufactured 
electrodes are first cleaned in n-pentane (purity 99%), such as is available from Merck KGaA 
with offices in D-64271 Dannstadt, Germany, in an ultrasonic cleaning device. The 

30 electrodes then can be cleaned in acetone (purity 99.5%), such as is available from Merck 
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KGaAwithofficesinD.64271 Dannstadt/Gennany,inanultrasomccleanmgdev.ce A 
KGaAwithoffic „^ ^^^d to dry the manufectured electrodes after the 

special cleaning paper called E-Tork can DC useu }. 

5 ultrasonic cleaning,. „„„ Up ,iqpH to 

«,e, dean *= elec«,des. A se«P 500 for such a proc«s is showa m F.g«r. 5^ 
A.a^beame„*.=dfion,tt.exci«e,U.«502ca„^^irec.ed.oward*eel«»de«^ 

■ ^I*„t*esur.toofd.=.ec«ode504.T*e=.ec«o4epa„be™„„.edo„as«,e(„o^ 

elec,rod.ea„*eanyappropria»«.e,s»chason*=orderofabou.2^s. 

M to,dB!«^ ^,4,^„faWicalblo»=rusedinlase.a,the.-4 
Exoeriments have shown that Oie Size 01 a lypi^ 

«..an!^^s„o.s„ff.cie«.o,eac.*eMsh^speeas„eededb«wee.^ee.e^^^^^^^^ 

::,adta...d„.isla,^«»n«^aia:ne.°'^<«'''-«7-f'-^':^^^^ 
„ „Jev..h4000 - 6000RPM,„order«>c.ea,«>egasiW,,n*ed.scharge«^o„be,w^ 

DOCKET LMPY-8400. and pending U.S. Patent ApphcaUon No. 09/823^98 Bled Mar 
29,200i.eaehhavingaeon^ona.igneewi,hthepr«entappUcation,a„d^ehaxe 

30 i«»rporated by reference in their entirety above. 
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A„oter approach M can be used » obtain fte desired perfonnance 60m blowers 
for *esehi^r^e.i.,on-e>-sis.u.i.i^»provedblower bearings T^tap^^^ 
toringscanbenradeofahighni^gen-alloyedmartensiSeswUochasCRONrom^^ 

CRONIDUR* is a ttademark of, and is available from, FAO KugeMscher AO, CH- 8153 
ROmlang, Swiizerland. CRONIDUR* was developed for applications in the areas of a«atron 
and astronautics. Aspcciftc type ofCRONlDUR'pr^entlyknown and used in the nrius^ 
iscronid«30. T«s new bearing steel provides imp^venrent in corrosion res^o^^ 
about a 100 toes ftat of convendonal steel AISl 440C. The lifetime of the CROWDm 
bearings is also about 5 Smes higher than for steel M50. TUs combination gives the steel a 
high firmness and good toughness with outstanding corrosion reststance. 

These imp.>ved beanngs also can be advantageous when low lubrication ,s used, or 
^endifferentmateri^sarensedinthebearings. As men^oned, *e corrosion is much lower 
tathatofodrerwellknownsteels. Tbe increase in life-time of the beanngs can reduce. he 
^cedaes forte laser, ^hthatthe throughput for industrial applications is .ncreased. 
Suehabearing can consistofaball bearing oreyltadrical roller. Odrer bearing matenals, 
suchasceramics,canalsobeusedfortheMowert^.Anadvantagetousiugc=ram. 
barnor ceramic cylindrica.ro«e,sis,ha.no.ubricatio„isne^ary.Suehl«ar,„^eanhave 

a lifetime that is substantiaUy increased with respect to ordinary blower bearings. The 
increased Uferime can also signilicantlyreduce vibrations dtat otherwise can be caused by 

, v,„moutbearingsinttablower. Prevendng wearing on Prehearings can help to marntatn 
fcconfigurationalaccuracy of outer races, in.erraces,«elements,a.drollingelements 

ot,heblower,allofwMchcaneon.ribute«,blowervibration. Bean be advantageous*, 
^duceUtesrze and ftequencyofthe vibrations, as vibrations can inflnence wavelength and 

energy stability, as well as bandwidth. 
15 A(^vanr,ed Lubricant 

Additional friction reduction in the blower can be obtained using one of a new class 
of dry lubricants, specific datafor one such lubrica„.,DICRONm».islistedi.Tablel 

containedin Figure 6. DlCRONm'isa,rademarkof,andisavailablefiom,D.cro,n^ 

Dr, Lube, having offices around the world such as a, Dicronite Dry Lube Germany, 58644 
30 Iserlohn, Germany. One specific DICRONITE* lubrication that can be used advantageously 
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is a DL-5 modified tungsten disulfide, which can reduce friction in bearing components to 
never before seen levels. Such dry lubrication can avoid wear, reduce energy conversion in 
warmth, and make lubrication possible without contamination. To enable a physical bonding 
of the dry film lubrication, the surface of the bearings or inners surface of the blower to be 
5 coated can be pretreated until an oxide and impurity free atomic structure is obtained. With a 
DICRONITE® procedure, a dry fihn lubrication can be produced that is an even 0,5 ^m 
thick. The coating can become a part of these surfaces, such that the coating can be removed 
only if a portion of the material itself is removed. The fihn can prevent the direct contact of 
the material surfaces and, therefore, work like an oil film. Moreover, the layer can have an 

10 extremely low coefficient of firiction of n = 0.030, or less than half that of graphite where ^ = 
0.073. This low coefficient of fiiction can help to minimize firictional effects, heating, and 
wear on parts of the blower. The gas life-time can also be increased, as the lubricant does not 
reacting with the laser gas. A further result of using such treated bearings is that dust in the 
laser chamber can be reduced, as abrasion in the bearing is minimized. The reduction of dust 

15 can help to prolong the life-time of the laser windows, and minimize time lost to service 
downtime. 

Radially Displaced Shoulder Regions 

Figure 7 shows a schematic view of another electrode configuration 700 that can be 
used in accordance with embodiments of the present invention. For simplicity, the 

20 mechanisms for mounting the insulating spoilers to the electrodes are omitted from the 

Figure. It should be understood, however, that any appropriate mounting procedure such as 
those described elsewhere herein can be used to connect the insulating spoilers to the 
electrodes. In the Figure, electrode bodies 702 and 704 are provided which are similar to the 
electrode body described in connection with Figures 2(a) - 2(c). Electrode bodies 702 and 

25 704 differ, however, in that each electrode body has a first shoulder region 706, 708 that is 
raised, or displaced radially, with respect to a respective second shoulder region 714, 716. 
The raised shoulder regions 706, 708 can be placed on the side of the oncoming gas 
flow 726. Using a raised shoulder region on the side of the oncoming gas flow reduces the 
amount of the nose portion 710, 712 of each electrode body that extends out into the gas 

30 flow, thereby reducing the potential for turbulence being introduced into the gas flow by the 
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nose portions 710, 712. Using a lower shoulder portion 714, 716 serves to distance those 
portions of the electrode bodies from each other, to further prevent the likelihood of arcing. 
The use of lower shoulder portions also reduces the amount of material necessary to 
manufacture the electrode bodies, thereby reducing manufacture costs. 

An insulating spoiler 718, 720, 722, 724 can be used to insulate each shoulder region 
as described elsewhere herein. Here, each spoiler can have a common thickness. 
Alternatively, the spoilers 718, 720 on the side of the oncoming gas flow can be somewhat 
thicker, to further reduce the effective nose portion extending into the gas flow. In some 
embodiments, the shoulder regions of the electrode bodies are not raised with respect to each 
other, but the thickness of the spoilers varies in order to reduce the intrusion of the nose 
portion into the gas flow. For example, shoulder regions 708 and 716 of electrode body 704 
could be at approximately the same radial height, but spoiler 720 could be significantly 
thicker than spoiler 724, such that the effective position of the outer edge of spoiler 720 is the 
same as that shown in Figure 7 for raised shoulder portion 708. 

It should be recognized that a number of variations of the above-identified 
embodiments will be obvious to one of ordinary skill in the art in view of the foregoing 
description. Accordingly, the invention is not to be limited by those specific embodiments 
and methods of the present invention shown and described herein. Rather, the scope of the 
invention is to be defined by the following claims and their equivalents. 



Atty Docket: LMPY-18910 [345/U] 



